Introduction
Because of their frequent occurrence, nitrogen oxides, aldehydes, and ketones are important environmental pollutants [1, 2] . Since almost everyone is frequently exposed to formaldehyde and/or nitrogen oxides, the risks they pose to health cannot be neglected [3] . For some years formaldehyde has been discussed as a potential carcinogen [4] . Many acute dangers of formaldehyde are well known. For example concentrations above 30 ppmv exposure cause oedema of the lungs, which may be fatal [3] . Besides, formaldehyde is also an important contact dermatide [5] .
While formaldehyde is a major chemical product worldwide [ 1] , nitrogen oxides appear principally as byproducts and intermediates only. Both formaldehyde and nitrogen oxides are formed in combustion reactions [6] . Therefore There are a number of methods for the determination of formaldehyde and nitrogen oxides: for example, the classical methods for the analysis of formaldehyde, which are based on colorimetric techniques, are the 3-methyl-2-benzthialonhydrazine-(MBTH) procedure [7] , the * Present address: Institutfu'r Angewandte Physikalische Chemie, Forschungszentrum Jiilich GmbH, D-52425 Jiilich, Germany. chromotropic acid-(CTA) [8] , and the pararosaniline-(PRA) method [9] . Since some of these methods suffer from interferences, other methods using chromatographic separations have been proposed [10, 11] . In recent years the DNPH-method has become the most important method for the analysis of formaldehyde [12-16-1. For the determination of nitrogen oxides, the Saltzman method [17] or the triethanolamine method [18] Sampling with solid sorbents with acidified DNPH was also used. Coating of Chromosorb P with DNPH, preparation of sampling tubes and desorption was done as described in another paper [22] . In each case, 20 gl of the absorbing solution was analysed by HPLC after sampling.
Automation
The automation was accomplished using the apparatus shown in figure 1 . The central unit is the timer (5), which opens and closes the solenoid valves (2) and the pneumatic HPLC valve (7) through the controlling units (6 and 12).
The timer also starts and stops the personal air sampling pump (14) . Each determination begins with the filling of the impinger (4) up to a certain level (usually 2 ml). This level is controlled by a photoelectric beam (3) using a light diode (17) and a photo transistor (16) ; it can be adjusted with a screw (18) . The next step is to draw air through the impinger by means of the air sampling pump (14) , which is protected from evaporizing solvents using a methanol/dry ice trap (13) . The evaporated solvents are replaced and the solution is mixed by a brief switching on of the air sampling pump. Then the solution is pumped through the HPLC-loop (7) via a peristaltic pump (11) , thereby rinsing and filling the loop. Finally, the content of the loop is injected onto the HPLC-column and analysed by the HPLC/UV system (9) .
The possibilities of this automated method were tested by the sampling of candle smoke with the impinger technique. Figure 1 . Apparatus for the quasi-continuous, automated determination (reproduced from reference [24] [22] . Drawing air with a stream of 0"8 1/min (much more than the gas developing from the burning flame) allowed a complete sampling of the candle smoke.
Results and discussion

Automation
The use of the apparatus described above has some advantages compared with the simple manual injections. Since it repeats the same process over and over again the measurements are very reproducible. This resulted in an improved correlation coefficient: 0"999 instead of 0"994 for the manual technique. Figure 2 shows the results of 10 measurements--these were done every 10 min over a period of 100 min. Small shifts were observed 10 ppmv and 50 ppbv for nitrogen dioxide and formaldehyde, respectively), which were due to shifts in the magnitude of the flame. This figure 5 ; reproduced from reference [24] with permission). 1) CTA procedure using the method described by Geisling et al. [8] . 2) DNPH method (0"5 ml of the absorber solution were added to 2 ml of a solution of mg DNPH in 2 ml acetonitrile, acidified with 15 lal N hydrochloric acid).
3) Enzymatic FIA procedure [26] .
Samples were taken simultaneously with sampling tubes; 30 piston strokes of 0"1 were drawn through each sampling tube. Figure 3 shows [28] [29] [30] This work Figure 4 shows the difference between sampling with and without the oxidation layer. Peak 6 (side-stream) demonstrates. In the mainstream only small amounts of formaldehyde were found, whereas the acetaldehyde concentrations were high. In the side-stream, the ratio of formaldehyde to acetaldehyde was significantly higher than in the mainstream. 
